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Abstract: Arab countries suffer from an acute water scarcity. Most of its parts depend on underground resources on 
water consumptions. Among the different consumptions, agriculture is the sector that demands the highest percentage of 
water for irrigation. Anthropogenic factors and mismanagement of irrigation process play a significant role to make the 
water situation more severe. Nevertheless, with proper supporting tools, the irrigation efficiency can be improved. The work 
in this paper aims at proposing a contextual architecture model utilizing WSN technology. The ultimate goal of this model is 
to support the operation and management of irrigation technologies and the irrigation stakeholders’ activities as well.   
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1.  INTRODUCTION 
According to Arab forum report [1], Arab 
world regions, known as the Middle East and North 
Africa (MENA) regions, are the driest region in the 
world. The average rainfall in these countries is 
limited while the average evaporation is high due to 
the high dryness and temperature particularly during 
summer season [2].   
Most of the MENA population depends on 
agriculture for food and livestock productions. And 
due to the rainfall limitations, irrigation is 
approximately the only technique that used to assist 
in the growing of agricultural crops, maintenance of 
landscapes, and revegetation of disturbed soils during 
periods of non-rainfall. In contrast, agriculture in 
these regions that relies on rainfall is considered 
trivial [3].    
Among water usage sectors, agriculture 
sector has by far the most predominant water usage 
in these regions as demonstrated by many statistical 
reports. It is reported that the water use for irrigation 
has 85% of the total water consumptions [3].  
The high water consumption in agriculture 
sector would not come only because irrigation takes 
the highest share of total water but also because it has 
considerable potential factors including both natural 
and anthropogenic. In recent years, and due to the 
factors mentioned above and other factors such as 
low cost and ease of use of technologies for water 
accessing and additional anthropogenic factors like 
high population growth, economic and ecologic 
progress and inefficient use or mismanagement of  
 
water, the underground water resources are subjected 
to over-pumping. As a result to this over-drafting of 
underground water resources, most of them in Arab 
countries are either declining or already depleted [1].  
Water researchers have been warned about 
the water situation in MENA countries. They 
constantly claim that if the pattern of irrigation 
continues as described so far, the future situation of 
water in Arab countries would be more dramatic 
unless actual and real course of actions are taken. 
Among these actions and the most urgent, come the 
irrigation efficiency improvements as recommended 
in the "water efficiency handbook" issued by Arab 
Forum for Environment and Development (AFED) 
[2].  
Irrigation efficiency can be improved by 
managing different factors such as climatic 
conditions, soil type and structure, plant type, and the 
irrigation techniques [3]. To attain high irrigation 
efficiency, those factors must be operated, practiced, 
and managed efficiently and effectively by skilled 
persons using proper and suitable technologies. 
Information Communication Technologies (ICT) in 
general and Wireless Sensors Network (WSN) in 
particular are the most dominant and promising 
technology that can be used to support the 
management of irrigation practices. 
WSN has seen a lot of applications in 
different areas performing several tasks such as 
sensing, detecting, monitoring, controlling, etc... [5]. 
In the agriculture sector, recently WSN technology 
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has been attracted the attention of many researchers 
where several projects have been developed with 
high satisfactory results [6-11]. Adapting WSN 
technology for improving water irrigation efficiency 
in MENA countries is a promising technology if 
there is a common sense.     
In this paper a WSN-based architecture 
contextual model is proposed to support the 
improvement of the irrigation efficiency in Arab 
countries. In section 2, the recommend irrigation 
efficiency improvements are discussed. Section 3 
describes the proposed contextual architecture model 
(hardware and software) for supporting irrigation 
efficiency improvements. Finally, section 4 
concludes the work with a package of open issues. 
 
2.  RECOMMENDED IRRIGATION 
EFFICIENCY IMPROVEMENTS 1     
As defined in [3], "water efficiency is an 
indicator of the relationship between the amount of 
water required for a particular purpose and the 
amount of water used or delivered".  Moreover, water 
efficiency concerns reducing loss over a water 
system. In agriculture, irrigation efficiency 
improvement deals with eliminating or minimizing 
water loss over the irrigation system.  
It is stated in [3] that for a given location and 
climatic and soil conditions, the efficiency of water 
irrigation practices can be improved by making the 
right decisions regarding the following aspects: 
1.   Crop Type  
2.   Irrigation Scheduling 
3.   Irrigation Methods 
4.   Soil Enhancement Measures 
5.   Source of Water. 
 
2.1  Crop Type and Water Needed 
Not all types of crops need the same amount 
of water. They differ in both daily and during their 
total growing period needs of water. Managing this 
aspect is a key step towards reducing irrigation water 
needs. This can be achieved by  selecting those crop 
varieties that have a lower water demand but that still 
provide sufficient added value. 
 
2.2  Irrigation Scheduling  
Proper irrigation scheduling involves fine-
tuning the time and amount of water applied to crops 
based on the water content in the crop root zone, the 
 
1 The contents of this section is summarized with some 
quotation from reference [3]. 
 
amount of water consumed by the crop since it was 
last irrigated, crop development stage, and soil 
capacity.  
Water content in the crop root zone depends 
on what is called soil water content. Direct 
measurement of soil moisture content is among the 
most useful methods to measure the soil water 
content for irrigation scheduling. Monitoring of soil 
moisture content provides a good assessment of the 
crop’s water needs.  
Crop irrigation interval scheduling rely on 
climatic conditions, crop type, and soil type. Climatic 
conditions include average ambient temperature, 
intensity of solar radiation, humidity, and wind-
speed. These climatic factors affect both the moisture 
retained in the soil and the speed by which plants 
lose water through transpiration. The highest crop 
water needs are found in areas that are hot, sunny, 
dry, and windy.  
Different crops need different amounts of 
water at different stages (early, mid and late season) 
of their growth and harvest cycle. During the early 
season planting stage, the water requirement is 
usually about 50% less than what is required at the 
mid-season stage, when the crop has fully developed 
and reached its peak water need. The late season 
demand, on the other hand, is as high as the peak 
demand for crops harvested fresh, and can be as 
much as 75% less for those plants harvested dry [3]. 
Soil capacity, which is the ability of the soil 
to hold water between irrigation or precipitation 
events, is another important scheduling factor. 
Determinants of soil capacity include soil depth, 
ratios of different soil particles making up the soil, 
soil porosity, and soil water tension. These factors 
influence the amount of water available to the plants. 
 
2.3  Irrigation Methods or Techniques  
From applying water perspective to the crop 
or plant, three irrigation techniques or methods can 
be distinguished. These are discussed below  briefly: 
Surface Irrigation: It is known traditionally, 
and according to this technique, the water is applied 
to whole surface of the field directly to form a water 
layer that infiltrates into the soil. Based on field 
shape, water quantity, way of applying water to the 
crops, this technique is further divided into four 
subcategories: basin, border, furrow, and corrugation. 
In terms of  water quantity supplied, the field may be 
completely watered, as in basin and border, or 
partially, as in furrow and corrugation. According to 
[3], this technique is predominantly used in more 
260 
 
 
than 90% of irrigated agricultural land in the MENA 
regions. 
Sprinkler Irrigation: Sprinkler irrigation is 
a method of applying irrigation water which is 
similar to natural rainfall. Water is distributed 
through a system of pipes usually by pumping. It is 
then sprayed into the air through sprinklers so that it 
breaks up into small water drops which fall to the 
ground. The pump supply system, sprinklers and 
operating conditions must be designed to enable a 
uniform application of water. This technique is very 
common in the KSA with 64% [4]. 
Localized Irrigation: From its name, 
localized irrigation is a system where water is 
distributed under low pressure through a piped 
network, in a pre-determined pattern, and applied as a 
small discharge to each plant or adjacent to it.  
Again, localized irrigation is classified into three 
categories: trickle or drip, micro project or micro 
spray, and mini-sprinkler [12]. United Arab Emirates 
and  Jordan are the two countries where this 
technique is the predominant with 86% and 81% 
respectively [4].  
While surface irrigation method does not 
require  any modern water technologies, sprinkler 
and localized do. Therefore, surface irrigation is 
called traditional irrigation while sprinkler and 
localized are classified as  modern techniques [4]. 
Complete comparison among irrigation 
techniques are reported in several works [12]. From 
feature-based point of view comparison shows that 
sprinkler and local provide higher irrigation 
efficiency, degree of automation,  while surface 
irrigation is not costly.     
 
2.4  Soil Enhancement Measures  
Good soil management certainly contributes 
to achieve water saving, hence to improve irrigation 
efficiency. Example in this context includes residue 
management and conservation tillage, where the 
amount, orientation, and distribution of crop and 
plant residue on the soil surface are managed. These 
practices improve the ability of the soil to hold 
moisture, reduces water run-off from the field, and 
reduces surface evaporation. 
 
2.5  Alternative Water Sources 
Additional  efficiency gains can be achieved 
via the use of alternative sources of water for 
irrigation. In this context, two major approaches 
could be used. 
Rainfall Harvesting: Some Arab regions 
receive annually heavy rains and others are subjected 
to unpredictable (short periods of heavy precipitation 
followed by long stretches of dry periods) very heavy 
precipitation. These predictable and unpredictable of 
heavy rainwater can be harvested using impermeable 
surfaces covering sufficiently large areas and 
reducing the infiltration of rainfall into the soil. By 
controlling the runoff of the harvested rain, water is 
diverted to tanks, underground aquifers, or dedicated 
surface ponds  
from where water can be extracted and used for 
irrigation.    
Utilizing Treated Wastewater: With the 
use of modern technology, wastewater can be treated 
to meet strict health and environmental guidelines, 
allowing safe use in irrigation. Treated wastewater is 
already used in irrigation in Jordan and Tunisia and 
for landscaping in member countries of the Gulf 
Cooperation Council [3].  
Solar Desalination Units: Further water 
savings could be accomplished using other 
innovation, such as micro-scale solar desalination 
units that can convert brackish water to low salinity 
water suitable for irrigation. 
Wastewater and solar desalination units are 
promising developments for the future in Arab 
countries.  
All the recommendations discussed above 
require appropriate technologies for supporting their 
operation and management. Based on those 
recommendations, we propose a WSN-based 
contextual model with the objectives to assist the 
irrigation efficiency improvements. Next section  
describes in some details the mode. 
 
3.   WSN-BASED MODEL SUPPORTING 
IRRIGATION EFFICIENCY 
IMPROVEMENTS  
Motivated by the water crisis that Arab 
countries are experiencing, the recommendations of 
[3], and the benefits and features that WSN is 
providing, we propose in this section, a WSN-based 
system for the aim to support the improvements of 
irrigation efficiency in these countries.  
 
3.1  System Hardware Architecture 
The model hardware encompasses the 
principal physical components that are necessary to 
assist managing irrigation system and to support 
irrigation stakeholders in order to improve irrigation 
efficiency. The overall system hardware architecture 
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is depicted in figure 1. The whole system is 
organized in two principal level: local and 
regional/national. This organization is based on 
strategic vision aiming at saving water fortune in any 
Arab country. The details of this vision  are out of the 
scope of this work.      
Local Level Components: This level deals 
with water technologies distributed in the farmlands. 
Each farmland or agriculture field is divided into 
small sections among them irrigation technologies 
(pipes and valves) are distributed. The field soil and 
irrigation technologies are equipped by different 
WSN components.  
Regional Level Components: This level 
involves water resources and sources, and 
technologies (pipes, pumps, valves, etc… ). All these 
water technologies are equipped with different types 
of WSN elements.    
As shown in figure 1, both local and regional 
levels have some similar components. The main 
similar WSN components are: 
Detectors Network: Specific number of 
detector nodes are fixed in irrigation system 
technologies in each level. While local detectors are 
fixed in distribution irrigation system within each 
field, the regional detectors are mounted in main 
supply of irrigation water .   
Actuators Network: Actuator nodes are 
connected to water main supply and distribution 
networks by some valves in both local and regional 
levels.  
Sinks: Sinks are one or more distinguished 
components of the WSN. The 
sensors/detector/actuators are connected via multi-
hopping relaying to a sink. The sink can act as a base 
station between sensor/actuator/detectors nodes and 
the end user as they typically forward data from the 
WSN network to either local computer or regional 
server by a gateway.  
Computers (PC and Server): Local PC and  
regional server allowing system-users link 
component where users can regularly read system 
status and write or enter their inputs. 
Users: While local users include farmers, 
local system administrators, regional users involve 
irrigation managers and staff,  agriculture, water,  and 
climatic  staff, researchers, experts, engineers, etc… 
agriculture production specialists, managers, experts, 
etc…   
In addition to similar components, the local 
and regional levels have shared component. These 
include gateway, Internet connecting both levels.  By 
these components, local users can access  regional 
server. Moreover, both levels could include PDAs, 
mobile phone networks, satellite phones, radio 
modems, high power Wi-Fi links etc… which can be  
used to each level to the outside world.  
Nodes and sinks should have typically 
stronger computation and communication powers and 
more energy budget that allows longer battery life 
[13, 14].  
 
Beside similar and shared components, each 
level has its own distinguished components. These 
distinguished components include field sensors 
network in the local side and weather sensor network 
in the regional side. 
Field Sensors Network: Consists of sensor 
nodes deployed in each section of the field in a land 
farm. Each node is buried in the soil near the root 
zone of the crop or plant to measure the soil moisture 
content at different levels. These sensors are usually 
low-cost, low power, small devices equipped with 
limited sensing, data processing and wireless 
communication capabilities.  
Weather Sensors network: this involves 
two types of weather stations: ground and satellite 
stations. This hardware contextual architecture model 
needs to be operated and managed to perform its 
functions automatically and successfully. The 
following section describes a logical contextual 
architecture representation. 
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Figure 1: WSN-Based Architecture Model for  Supporting Irrigation System. 
3.2  System Software Architecture 
The software architecture has objectives to 
support operating, controlling and monitoring 
irrigation technologies using WSN in both local and 
regional levels. Irrigation technologies involves 
several water technologies with different sizes and 
scales such as pumps, pipes, valves, reservoirs, meters, 
etc….. WSN technologies include the different 
hardware components discussed in the previous 
section. Also, WSN technologies assist for collecting, 
transferring, saving, processing, analyzing 
environmental data related to irrigation process and 
planted crops behaviors. This manipulated data 
supports local and regional users to achieve their 
operational, managerial, and decision making 
activities related to the whole irrigation aspects. 
Excluding the system and utility software, the 
proposed software contextual architecture is designed 
in a such manner to include three supports: 
Technology, data and user . These three supports are 
arranged in  a three layer model as a framework to 
show the system software architecture as shown in 
figure 2. From location perspective, the proposed 
architecture is design in such a way that  the regional 
and local levels share almost, as in the hardware 
architecture, the main components of each layer. The 
only difference is that the decision making support 
component is running in the regional level which can 
be accessed by local user via Internet connection as 
shown in figure 1.  
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Figure 2: Software Architecture Model. 
 
Technology Support Layer: 
The components of this layer aims at 
supporting operation and management of the 
technological elements involved in the irrigation 
system and running in both local and regional levels. 
These technological elements include water, climatic  
and WSN technologies. The support is defined here 
to cover three technological aspects: monitoring, 
actuating, and observing.       
Monitoring Component: Operates and 
manages the sensors and detectors of all types to 
measure the environmental physical quantities. The 
measurements include temperature, solar and  
radiations, humidity, wind speed and direction, EC, 
soil and water pH, soil moisture content, rainfall 
quantity, water level, water quantity consumption, 
water leakage and blockage, location, position, etc… 
The data collected is processed and analyzed and 
converted into an appropriate format depending on its 
nature and type. While some  of analyzed data  is 
sent to the user support layer which is stored in the 
databases, other data is sent to the actuating 
component in order to control water flow and any 
possible leakages. As the monitoring component, this 
component operates   in local and regional levels. 
Actuating Component: Allows the 
operation and control of the water pumping and flow 
in any portion of the irrigation system by switching 
on or off water controllers (valves) full 
automatically. This component operates in functions 
of signals received from three parts in irrigation 
systems. These encompass water demanding by a 
particular section of the field and in function of crop 
need, water leakage in any portion of the network, 
and water pumping form resources and/or sources. 
After data collection,  data is sent to the data support 
layer where it is stored in databases for both levels; 
local and regional.  
Observing Component: Operates and 
manages specified sensors (imagery, position, 
location, etc.. using satellite or other technologies) 
that are dedicated to observe the planted crops 
growing pattern, their situations, types, locations, 
etc.. and other objects such as water resources 
(surfaces and underground). The component parses 
and analyzes the received observed data and convert 
it different  formats (image, map, etc..) and send 
them to the data layer for storing in specialized 
databases.  
While the monitoring and observing 
components represent the input to this layer, the 
actuating component is considered its output. As 
shown in figure 2, this layer is connected to what we 
call data layer where data is received and stored in a 
databases server.   
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Operating software facilitating the sensors operation, 
data routing and transferring are available [5].  
Data Support Layer: 
Data is the core of our proposed system that 
should be subjected to different processes and used 
by several systems. Three components are defined in 
this layer: database server, web server, and decision 
support server. The decision support server is the 
only component that distinguishes local architecture 
from regional one.     
Database Server: Deals with data 
management where the server hosts a data 
management system which contains database, 
database management system, data query facilities, 
data directory, decision support database (data mart, 
data warehouse), data extraction tools, etc… while 
major part of data is extracted from technology 
support layer, the other part of data comes from  user 
support layer. The data management include data 
storing, analyzing, interpreting, retrieving, updating, 
displaying, transferring, extracting, etc…..    
Decision Support Server: Hosts a decision 
support system (DSS), running on the regional server 
and can be accessed by local users via the Internet. 
This server contains model management system 
which consists of model-base, model management 
system. The server encompasses knowledge bases, 
facilities and other tools.  The model bases contains 
different agriculture models such as schedule 
irrigation model, crop models, soil models, water 
models, etc… these models work in the context of 
different areas and techniques of the artificial 
intelligence such as expert systems, agent systems, 
neural networks, etc…. The objectives of using those 
models are to optimize the irrigation efficiency, 
simulate agriculture aspects, predicting   certain 
events and phenomena, etc…  All these objectives 
assist irrigation stakeholders to make decisions 
regarding the  agriculture activities. 
Web Server: Used to host web sites and 
helps to deliver web pages content (html pages, 
images, style sheet, JavaScript, etc..) on the request 
to clients who can access them through the Internet. 
Another use is to create dynamic and static HTML 
documents from databases by retrieving and /or 
modifying data and browsing them locally. Also web 
server can be connected to any component of the 
technology support layer to browse the situation of 
any monitoring or actuating device in question.  
This layer can be operated and managed 
using available commercially application software 
such as Oracle,  DB2, MS Server, MySQL, etc…..     
For decision support, currently several crop 
simulation models are available for simulating the 
growth of various crops considering different 
environmental constraints such as moisture stress, 
nutrient stress and water logging. Some examples of 
these models are DSSAT [15], APSIM [16], 
CROPSYST [17], etc…..  
       
User  Support Layer: 
Deals with supporting user's activities 
including routine, managerial and decision making. 
Also, this layer supports users to enter data collected 
manually and visualize and browse desired data in 
multi formats.  
Monitoring Support: Allows users to display and 
brows, in real time, the sensed and detected data by 
the monitoring sensors.  
 
Actuating Support: Permits users to display 
and brows instantly the situations of water pumps 
and water flow in the irrigation system. 
Alerting Support: Alerts users, audio-
visually and in real time, in case of water leakage or 
blockage in any part of the irrigation system.  
Data Entry Support: This component helps 
data collection using different ways either manually 
or semi automatically. These data concerns with 
several dimensions such as number of farms, water 
resources and sources, water pumps and pipes 
network length and types, water consumption tariffs, 
water connection  licenses,  number of employees, 
their roles, responsibilities,  payments, number of 
materials and equipments used in the irrigation 
system and its costs, etc….      
Decision Making Support: Provides users 
with the accumulated data (stored in data warehouse) 
by visualizing and browsing its evolution, pattern, 
etc… These accumulated data are about crop types, 
crop growing models, irrigation scheduling models, 
irrigation techniques, soil types and their 
corresponding models, water resources and sources 
and water types and quality, financial models, 
forecasting models, irrigation network models, etc… 
This support helps irrigation stakeholders to predict 
future scenarios, conduct planning process, analyze 
and minimize possible risks, and to make and take 
suitable and proper decisions. Managing and making 
adequate decisions against these issues, of course, 
help to improve the irrigation efficiency.  
The supports mentioned above need data of 
different types, the required data comes from data 
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layer support via web server. This later component 
fetches the required data being stored in the database 
and send it to user support layer at regular intervals 
and visualize it suing user interface. 
User Interface: Permits user-computer 
interconnection using different interfaces: textual, 
graphical, audio-visual, etc….   
 
4.  CONCLUSION AND OPEN ISSUES  
With the motivations of water crisis in Arab 
regions, ability of irrigation efficiency enhancement,  
low cost and flexible use of ICT components, we 
propose in this work a contextual model of system 
architecture for  supporting irrigation efficiency 
improvements using WSN technology. From its 
name, the model is high abstracted which gives a 
general view and needs to be detailed. Nevertheless, 
the details of the contextual model will open the door 
for many issues which can be summarized into four 
classes: environmental, technological, economical, 
and social. Each of those issues is described briefly 
herein.  
 
Environmental Issues: These cover the 
study and analysis of soil types, crops types, water 
types and quality, climatic and weather conditions, 
schedule irrigation, water available resources, and 
related available scientific models for the Arab 
environment and market situations, 
     
Technological Issues: These involve the 
analysis of irrigation and ICT technologies either 
before their implementation or during  their operation 
and maintenance. Irrigation technologies analysis 
should encompass the appropriateness of irrigation 
techniques, water pumps, water flow controllers, 
water sources and pipes, etc... ICT technologies 
should deal with the hardware and software detailed 
requirement specifications, design and 
implementation. Due to their heterogeneity and 
multiplicity of functional and non-functional 
requirements, some difficulties may pose to select the 
appropriate component and to integrate system 
components. This scenario may lead to develop new 
systems that well fit to the environment under 
considerations. Moreover, since WSN is in its 
infancy in the agriculture sector, it has some inherent 
issues such as power consumption, sensors 
deployment topology, network unreliability, network 
security which pose some technical challenges for the 
system being developed [18]. 
    
Economical Issues: The economical issues, 
as in the technological ones cover the costs of 
modern irrigation equipments and the ICT 
components. These costs deals with initial set-up and 
operating costs, particularly in countries that face  
some economical challenges for the successful 
implementation of auto-irrigation system in Arab 
regions. So an economic feasibility study for the 
whole aspects is a considerable potential issue. 
 
Social Issues: These issues are also twofold: 
water property and human manpower employment. 
Regarding the first fold, it is common that the water 
property in most of Arab counties is individual-
centered where every farmer has his own resource of 
water for irrigation.  In case of disability to have 
individual source of water, some farmers try to 
buying water from their neighbors or from other 
sources. The solution that we propose for this issue is 
to transform the water property from individual-
centered to community-centered. Concerning the 
manpower employment, it is stereotyped that the 
introduction of ICT in any human-based activity 
creates an unemployment unless the activity is an 
emergent and generated by the ICT itself. In the 
agriculture in general and in the irrigation in 
particular we hope that the stereotyped idea may not 
true. These social issues must be examined and 
investigated with high certainty.    
 
To achieve the above discussed issues, 
multiple, cooperative and coordinative efforts must 
come together and in all dimensions; individuals, 
communities, organizations (governmental and non-
governmental), etc…. Based on this WSN support 
described in this paper, strategic solutions of all these 
issues will be developed and discussed in details in 
our future work.    
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